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Subject! Watertown Areansl [adoratery Report No. wil 6lO/01.

Tat Chief of Crdnance, U.3.A,
Fentagon Building
Washington 25, D. C.

Attn: SFOTB - Intelligence Unis

. Ia accordance with Ordnance Department Order No. 327, Change io. 3,
there are inclosed herewith twenty (20) eepiss of Vatertown Arsenal labora-
tory Report 'o. WAL 640/91, entitled "Aymer and Velding - Metallurgieal
Examination of Armor and Weld Joint Samples from Russian Kedium Tank T-34
and Heavy Tank KV-1." Thia report ls in eompletion of the test program

u outlined in basic letter - 0.0, 1n0.112/8376(s), ¥sa. 451.25/157(s), dated
| 27 hAugust 1943,

' 2. An additional ocopy of this repers has been forwarded to SFOT3,
Special Steels and Velding, as the agengy diresting the exanination. It s
suggested that one copy uf the inclosed report de forwarded to tha folloving!
Tank-Automotivy CemSer, Attnt Ingineering Seetion, Armor & Yelding Growp:
Orénance Ressarch Osnter, Aberdeen Froving Oround, Attn! Armor Development
Srapsh} SPOTT; and, SPOTC. T4 i¢ assumed that one of the inclosed ecoples
will be f1led in the Ordnance Teehnical IAdrary, for which purposs index
ecards are attached.

I 3. Tour basic alloy stesl types: Mm-3{-Xi1-Cr-Ho, Mp-Ti-Ko, Mn-Cr-ro,

{ and Cr-Ho, exhiditing a vide variation ia eteel quzlity, vere used. Com-
ponents of the Nedium Tamk T-3U were hea$ treated to very high hardness
levels (429 - 493 Brinsll) vhile the components of the “savy Tank XV-1
vere heat freated to hardnestes mre nsarly approaching Anerican prectice
(28% - 321 3rinell). Joint detiga is eharaeterised dy dovetailimg. Mt-
up {s falrly rough. 7vo types of ferritic eleetrodes, one of plain
cardon-mansanese and the other of similar analysis vith a sudstantial
molyddenum addition evidently vere used. Austenitic electrodes were used,
apparenily indiseriminately, in making twe of he wveld deposits. Shallow
venstration, poor fusion. and severe undereutiting wvers odserved in most of
the welds and are prodadly due %o impreper mamipulation of electrodes
vhich rey not have entirely suitadls ¢psrating charasterietiocs.

For the Oommanding Offieer:

0. L. Cox
Ls. Ool., Ord. Dept.
2 Inels.

lapon No. nu.sho/sx( mm.DN[‘, fﬁnn
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Watertown Arsenal Laboratory T

Report Number WAL 640 '
Prodblem NFumber D-2.1 NCLASS!F'ED 2l November 1343

ARMOR AND WELDING

Metallurgical Zxamination of Armor and 'Yeld Joint Samples from
' Russian Medium Tank T-34 and Heavy Tank KV-1

OBJECT

To make complete metallurgical examination of subject armor and weld
Joints,

SMMARY OF RESULTS

ARMOR
1. The four types of alloy steels used are as follows:

a. Mn-Si-Mo alloy steel for rolled plates 5/8 inch to 3/4 inch
ir thickness.

b. Cr-Mo elloy steel for 1-1/4 inch thick rolled armor.

Ni-3r-Mo alloy stecel for 3-5/8 inch thick cast armor.

I

4. Mn-S51-N{-Cr-Mo alloy steel for both cast and rolled compenents
5 inches and 1-7/8 inches in thickness respectively.

The silicon content of the Mn-Si-Ni{-Cr-Mo and Mn-8i-Mo steels is high,
ranging from 1.0 - 1.5% §i. All the compositions provide hardenability
adequate for satisfactory quench hardening of the sections.

2. With the c.itcepticn of cne ccoponent, namely, the bow casting from
the Medium Tank T-3l which ie vrimarily a structural oclement, the armor
components were heat treated by gquenching, prebabdbly in oil, followed by
teopering. High temperature tranasformation nroducts resulting frem incom-
rlete quench hardenisg werc detected in some of the heat-treated armer
gections.

3. The armor components of the Medium Tank T-34 were heat treated to
very high hardneas lavels (429 - L95 Brinell) prevatly in an attempt to
ottain maximum resietance to penetration even at the expense of structural
stability under ballistic attack. The components of the Heavy Tenk KV-1
wero heat treated tc hardnossue more noarly sprroaching American practice
(285 - 321 Brinell).

U. The steel quality of the rolled armor sections varies frcc pocr
to excellant. Wide variations in producticn technique are indicated. Some
rolled armor compcnenis were cross-rolled while others appear to have been
straight-avay rolled. The.turvet casti Eﬁm Tank T-34 is of
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good quality, while that of the Heavy Tank KV-1 contains excessive amounts oy
j of hot tears in the ion examined. The how casting is extremely un-
gsound, containing wdive shrinkage. v

WELDING ArD JOINT DESIGN

5. The joint design ie characterized by dovetailing such that the
edge of the lighter plate is set intc a niche machined or flame-cut in the
heavier plate sufficient to bring the lighter vplate surface approximately
flush with the surface of the edge of the heavier plate. Fit-up is fair-
ly rough. All welding apnears to have been done in the flat or horizontal
fillet position.

! 6. Two tvpes of ferritic elactrodes, one of a carbon-manganese and
the other of e similar znalvsis with & substantial meclybdenum additicn,
evidently were used for most of the welding. Base metal cracking of the
under-bead tyvme was negligidle, and since all weld denosits epnear te have

bYeen made on armor in the final heat-treated conditien without the use of
oreheat 1t is probable that a ferritic electrode with a suitabie all-

{ mineral type coating was used. Austenitic electrodes were used, aprarently

indiscriminately, in making two ef the weld deposits.

7. Shallow penetration, poor fusion, and severe undercutting were
! onserved in most of the welds and are probadbly due to improper manipu- .
: letion of electrodes wnich may not have entirely sultable cperating char- )
| acteristics. These obtvious defects, tegether with lew strength and pecr
! me-ellurgical structure of ferritic weld devoeits, indicate that the weld-
1 ed Joints weuld have pocr resistance to severe sheck.

' S. A. Herres
| let Lt., Ord. Dept.

‘ A. Hurlich
' Associate lMetallurgist

H, H. ICRNIG
Celeonel, Ord. Dept.
Director of Labaratery
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INTRODUCTION

Three welded joint sections from e Russian i{edium Tank T-34 and one
welded joint soction from a Russian Heavy Tank KV-1 were forwarded to this
arsenal by Aberdeen Preving Ground for metallurgical examination of rolled
and cast armor and welded Jjoints in accordance with instructions of the
Office, Chief of Ordnancel.

MATZRIALS AND TEST PRCCEDURE

Locations of samples, as taken from the complete vehicles are in-
dicated on Sketches A, B, ard C furnished with the basic correspondence
(see Appendix A). Hacroetched cross sectione cut persendicular to each
wold Joint show the four samplee %0 be made up of the “ollowing com-
ponents: ‘

Sample No. 1 (Figurc 1) :fedium Tank. Sloping top and lower rolled
homcgeneous armer hul) front plates attached to bow casting by two dove-
tailed Jjoints held by four shallow menetration weld deposits.

Sample No. 2 (Figure 2) Medium Tunk. Roiled homogenesus null roof
plate attached to rolled homogeneous top sleping front plate by incomplete
venetration angle joint weldsd fro. beth aides of plate.

Sammle o, 3 (Figure 2) Medium Tank. Holled homogeneous turret top
plate attached to turret sidewall casting by incoxplete penstration,
partially dovetailed, angle weld joint welded from both sidos of plate.

Sample Yo. 4 (Figure 2) Heavy Tank. Rolled homcgeneous turret top
plate attached to ¢idewall casting by incomplcte renetration, partially
dovetailed, corner joint welded froz outside of jolint only.

Samples Ior chamical analyses, tensils tests, hardness surveys, macro-
etching and microscopic examination were cut fros each r ~mor -ectien.
Samples for chemical analyses, hardness surveys, macroetching and micro-
sccpic examiration of each weld joint were taken. Rceults cf these tests
are discussed in tha following sections.

DAZA AD DISCUSSION
ARMOR

-~ -

1. Chezical Analvses

The aralyses of the nine armer specicens contalned iz the four
sudbnitted woldsd soctions are included in Tablo I. Four tasie type
analyses are rezugnizeble, consisting of the following alleys:

— ——— - ——-

15ee dpvoendix A - Basic Correspondence
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& Mn-Si-Fi-Cr-Mo

The components of this tvpe analveis consist of two 1-7/8 inch
thick rolled homogeneous plates, and a 2-3/8 inch thick cast turret side-
wvall section from the Medium Tank T-34, all of which fall within the follow-
ing range of chemical composition:

[} ¥n st i [ Yo
.23/.28 1.20/1.27 1.09/1.45 1.24/1.32 .&65/1.05 .195/.22

G Tt b Ity

E Also included in this type cnalysis ie & bow casting from the lediur Tank

g T-34 which has a maximum thickness of approximately 5 inches. The bow
casting has higher manganese and silicon contents then the other armor sec-
tions in the same category, namely, 1.5% Ma and 2.3% Si.

- Y R T

b. Ma-8i-Mo

Sl ek ad

The two components of this type analysis consist of 5/8 inch
and 3/4 inch thick rolled homogeneous plates from the Medium Tank T-3k
lying within the following range of chemistry:

f ¢ o 5 Ho
' .25/ .36 1.27/1.33 1.14/1.59 .20

eoxactly similar in manganese, silicon, and molybdenum contents to the

I
|
4 ‘ Residual amounts of nickecl and chromium are alsc present. Thie alloy is
I
i previously considered Mn-Si-NKi-Cr-Mo steel.

e Ni-Or-Mo

! The one commonent of this type analyeis consists of a 3-5/8
' inch thick turret sidewall casting for the Heavy Tauk XV-1. The composi-
‘ tion is tho following:

- c Mn S1 RIY g Mo
‘ .30 4y g 2.9 1.57 .27

One 1-1/% inch thick rolleA homogeneous plate, frcm the Heavy
Tank KV-1, of the following analvsis {s of the Cr-Mo type:

c Mo s4 or Mo

- — a— —

.32 RN 32 2.3 .25

2. Eardonability

3.8 Jeminy bars, zachined from two of the Ka-Si-ki-Cr-No stoel com-
T ponsats of the Medium Tank T-3L, and from the Ni-Cr-Mo and Cr-No stecl
coxponents of the Hoavy Tank XV-1 werc austea! ‘sed for 3 hours at 1675° Y.

. -l -
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and end quenched according to the standard procedure. The hardenability
curves are presented in Figures 3 and Y, and pertinent data summariged in
Table II.

411 of the four steels possess hardenability adequate to permit
satisfactory guench hardening through the thickness of the sedtm upm
o1l quenching.

-

3. Hardness Surveye

Rockwell C and Brinell hardness surveys vere made on surfaces
through the thickness of the plates. The results of the hardness surveys
are contained in Figure 5, and are surmarized as follows:

HARIWESS SURVEYS OF RUSSIAN ARNMOR

Thickness Hardness Range Through CrossSectin

Sample Armor Section inches 3rinell Rockwell C

1 Row Casting 5 200 - 248 -
Lowor Sloping Front Plate 1-7/8 Ly W - 47

2 Top Sloping Front Plate 1-7/8 Lk - L6 ui-5 - 47.5
Bull Roof Plate 3/4 k29 Lk - 5.5

3 Turret Top Flate 5/8 495 -5 - 51.5
Cast Turret Sidewall 2-3/8 4Ll - g5 - 50.5

L Turrot Top Plate 1-1/4 321 30 - 34,5
Cast Turret Sidewall 3-5/8 285 - 293 25 - 30

4. Pnysical Properties

The tensile proverties of all armor co=ponents with the exception
of the bow casting of Sample 1 were determined, and arc listed in Tadle III.
Excessive porersity in the bYow casting vrevented adcquate determination of
ites rhysical properties. The elongation and reduction e¢f area of the rolled
and cast arzor sections cocpare faverably with the same properties of
domestic gocd quality eteel at cozparadbly high tensile strengths.

5. ¥acrestructure and Microstructure
Mediuz Tank 7-3%

Semple 1

Lover Sleping Front Plate. The hot scid etched structure of
the 1-T/€ inch thick rolled homogerccus lower sleping froat plate indicates
coderately clean, cross-relled steel with some residual ingotism evident
as shown by the differential etching characteristics of the middle third
of the cross-section (Figuroc 6A). 3Tyvical silicste~tyve inclusions are
shown in Figure 6B.
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The microstructure consiste of relatively coarce acicular
martensite having an A.S.T.l. grain size of #3 -~ 4, The steel was com-
pletely quench hardened, prcbably in oil, and poseidly tempered at some
temperature not over 500° F., since no evidence of martensite decomposition
can be found (see Figures 6C and ©D).

3ow Casting. The tow casting is extremely pcrous with shrink-
age cavities as large as 1/2 inch in diameter occurring in the midsection nf
the casting. The hot acid mecroetch reveals a very coarse-grained structure
and a large amount of fine psrosity (Figure 7A). At low magnificaticn, the
microstructure exhidits a ccarse 'Yidmanstatten pattern with ferrite en-
velopes at the austenite grain boundaries (Figure 7B). Oriented spheroidized
carbides are revealed at high magnification (Figure 7C), and somespheroi-
dized carbides occur in the ferrite envelopes (Figure 7D).

The microstructure of the dow casting indicates that the heat
treatment cmployed consigted of oithor a normalizing and temmering treat-
ment, or a temering treatment alone. The lack of a hardening treatment
is very unusual for an armor ccmoonent. The tow casting, as incorpcrated
into the T-}h tank is, however, vrimarily employed as a structural mzember.
Only a vers narrow vortion ¢f the casting is oxpcsed to hallistic attack;
and bYecause of the angles at which the top and lewer sloping front plates
are attachod, the expesed nortion of the bow casting resectlee the peint of
an arrowhcad.

Sazple 2

Sop Sloping Front Plate. The ot acid macrcetched structure
of the 1-7/8 inch thick rolled homogueneous top sleving front plato is con-
slderatly different f{rem that of the lower sleping freont plate (ccmpare
Figure BA te Flgure £A), The tcp sloping froant plute was prodadly straight-
away rolled, that ::, the reduction te tho final gage was perfermed dy roll-
ing ir a constant direction (tec Figure BA). The steel guality is poor,
many elongatod stringere of nenmetallic inclusions teing feund threughout
toe crecs-section. CTwo goeneral tyves of stringers cccur, cne consisting of
soall, friable, alumina-type inclusions and the other of disccnnented
silicate-type inclusicns {Figurce 8B and 8C).

The zicrostructure consists of martonsite erains having as
A.S.T.M. grair size of #€, with ecco rejected pearlite and forrite at tha
gartensite grain toundarios {(Figurcs €D and £2). 7The vresence of the high
teeperatire transforcaticn products indicates insufficient quench hardea-
ing since the steel posses=os ndequate hardenatility for its secticn sise.
Tho =icrestructure reveals that the ar=or was nct te=pered st a te=pora-
ture in excees of S0OO° - ACC° T.

Hull 2c9f Plate. Tre 3/% inch thick rolled hescgenecus hull
roof plate of the Hodiuz Tank T-3I% ‘as produced ty & straight-awvay rolling
process (Figure 3A). As cozpared with current domestic standards, the stacl
is of {nforicr quality, with numerous elongated tilicate-type inclusicns
distriduted throughcut the cross-section (Figure GR). The alcrestructure

-6 -
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consists of grains of martensite with pearlite and ferrite rejected at the
grain boundaries, as well as occasional grains of coarse pearlite (Figures
9C, 9D, and 9E). The prosence of high temperature traneformation products
in this thin plate made of steel having high hardenability, indicates im-
proper hardening technique. The hull rpof plate was possibly tempered at
a low temperature, not in excess of 50Q° F.

Sample 3

Turret Top Plate. The 5/8 inch turret topplate was eleo
produced by a straight-away rolling process (Figure 10A). The steel is
sound and relatively free from nonmetallics. The microstructure consists
of martensite graine having an A.S.T.V. grain size of #4 (Figures 10B and
10C). The uniform martensitic microstructure indicates good hardening
vractice and a lov texpering temmerature.

Turrot Sidewanll Casting. The hot acid macroetched structure
of the 2-%/8 inch thick turret sidewall casting from the Mediuz Tank T-34%
reveals a very fine dendritic structure ard fine shrinkage confined to the
middle third ¢f the section thickness (Figure 11A). The steel is moderate-
1y clean, containing randomly distriduted glodular nonmetallics (FigurellB).
The microstructure ie essertially martensitic with an A.S.7.M. grain size
of ¢ (Pigure 11C). Pearlite and ferrite occur at the martensite grain
boundsriss in the dendritic axes (Figure 11D), while the higher alloy den-
dritic fillings are completely martensitic (Pigare 113). The casting was
possidly tempered at a low texperature.

Heavy Tank KV-1

Segz]_c 4

Top Plate. Thre hot acid ma..oetched structure cf the 1-1/U
inck relled hormogeneous turret top plate indicates the steel to have been
ercee rolled (Figure 12A). Scatterod stringere of nonrmetallics oceur in
both longitudinal and transverse socticns. The steel is mcderately unclear,
with silicate-type inclusions found throughout the cross-sectien (Figurel23)
4 medorate dogroe cf handing is evidenced at lov nagnificatiocns, with the
steel having a grain size of A.S.T.M, ¥6 (Figure 12C).

The zicrostructure consists of tezpered martensito, forrite,
ard apheroidl:ed cartides, The presornce of high temperature transforzation
products indlicates izprever hardening technique since the harderatility of
the steel is extremely high (Tigure U). A texzvering temperature of 105¢* -
1150° 7. was prodatly employed.

Turrot Sidewall Casting. The het acid macroetched structure
of the 3-5/8 inch thick turret sidewsll casting frea the Feavy Tank KV-1
reveals cany hot tears extonding down fcr a conslieradle distance into the
zetal (Figure 134). The dendritic structure lc =ost prenounced in the mid-
dle third of the crecss-soctiorn. The steel is very clean, with only scat-
tored nonmetallice visidle at a zagnification ¢f XUOC (Pigure 138).

-71-
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The microstructure consiste of tempered martensite with very
small amounte of ferrite and grain boun carbides occurring irregularly
in the dendritic axes (Figures 13D and 13E). The hardness and microstructure ,
indicate a tempering temperature of approximately 1200° T. c

6. General Considoratione (Armor)

The analyses of the armor componente from the Medium Tanx T-34
demonstrate judicious selection of alloying elements from tle viewpoint of
cocnservation. The Mn-Si-Mo analysis for the light gage armor 1s an excel-
lent example of a steel containing very small amounts of eny strategic
alloy. The Mn-S5i-Ni-Cr-Mo analysis was prodadbly developed to provide in-
creased hardenability for applicmtion to armor of heavier gage. The silicon
content of these steels is much greater than that of domestic cast and
rollad armer. It has teen found difficult in American practice to produce
high silicon armor steels low in nonmetallic content.

The Xi-Cr-Mo 3-5/8 inch thick turret sidewall casting and the
1-1/4 inch thick Cr-Mo rolled steel plate from the Heavy Tank KV-1 are both
somewhat similar in composition to currently produced domestic heavy arnmor.
The Cr-Mo stecl has a corsiderablo oxcess of hardenatility when applied to

1-1/4% inch thick plates. '
The subject armor is considerably harder than American armor of \
comparable thicknesses. The comparison between the averarse hardness of cur—
rently produced American armor and the sutject Fussisn armer is as follows:
Hardness Range of Hardness Bange of
Plate American Ar=or B:sgian Armor v
Thicknoss Type Arzer BHEN X
5/8" Machinable Rolled Homogenesous 320 - 350 -
5/8" Hard Rolled Hoacgeneous 36C ~ 390 Lo5
3/ue Rolled Homogeneous 31C - 350 L29
1-1/5" Rolled Hozogenaous 28C - 320 321
1-7/8% - 2* Rolled Homogencous 260 - 290 Wk - L)
2" - 2-3/8" Cast Homogeneous 235 - 270 Ll - g5
3-5/8* - 4*  Cast Hozcgeneous 20 - 230 285 - 293

It (s the practice in this country to reduce the hardneez c¢f ar—or
with an increaso in thickress to 2aintain good resistance to the shock re-
sulting froa the izpact of large calider projectiles. It has deen demon-
strated Yy Yallistic tests that there 1s an optizus hardncss fer each
thickness ¢f armcr for =aximur dallistic properties, and that the optimum
hardness is an iaversc function of thickness under overaatcaing projectile
corditions at nc-mal incidence of fire. The zaximus dallistic properties
fnclude not only resistance t¢ ponetration, dut also resistance to spalling, 1
shattering, or cracking undor the impact of botl overmatching armer-plercing
end deforming projsctiles, the latter tyve producing a high order cf shock
impace, ’
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American armor does not generally fail structurally upon complete
penetration; the projectile either pushes the materisl aside, or punches
oul & plug, leaving the armor still capable of affording rrotection againat
further ballistic attack. On the other hand, very hard armor has a tendency
to fail structurally when impacted by projectiles of sufficient celidber and
veloclty to produce complete penetration; ths armor breaking up or cracking
so extensively ag to effectively decrease its ability to resist further
impacts. FHard armor would be expected to have higher dallistic limits
against undermatching projectiles than soft armor at all obliquities, and
would possibly have superior resistance to penetration of overmatching pro-
Jectiles at very high obliquity. In the case of hard armor under ballistic
attack at high odliquities, it is believed that the high hardness would bve
instrumentel in deflecting the projectile im such manner as to increase its
obliquity, thereby enabling the armor to defeat the projectile.

In designing armor to afford maximum protection against armor-
Plercing high exploeive projectiles intended to detonate after complete
penetration of the armor, the consideration cf rasistance to penetration
may, in some cases, be more important than resistance to shock. The sub-
Ject Ruscian armor appears to have been designed fcr maximum resistance to
penetration of undermetching projectiles at all obliquities and possibly
matching and overmatching 4.P. E.E. projectiles at high obliquities. Armer
up to 3 inches in thickness and having hardnesses in the range of 400 - 500
Brinell would be expected to evidence extremely brittle behavior under
normal and low obliquity impact of overmatching armor-plercing projectiles.

The quality of the rolled steocl armor components covers the entire
range from poor to excellent, indicating wide variations in production
technique. Several of the plates were incompletely quench hardened al-
though poosessing hardenability adequate to quench harden thrrugi the

‘ saction thickness.

WELDING ALD JCOINT DISIGN

1. Visual Examination

The surfece appearance of the wolds after reroval of a heavy coat
of paint was generally quite rough indicating inexperience on the part of
the welders in using tco high a current or roporly ranivulating elee-
trodes. Depceits A and C, Sample 1 (Figure 1), deposit B, Sample 2, and
depcsit A, Sample 3 (Pigure 2) appear to have been welded in the flat poei-
tion. Yone of these aro completely filled with weld metal because of im-
adeguate weaving of the electrode during demosition of the crown beads.
411 of the remaining deposits appear to have been welded in the horisontal
fillet nosition and all show severe undercutting due to too high a current
or improper manipulation of “he electrede, which may not bde entirely suit-
able in operating characteristics for welding in this position. If elec-
trcde had been held at slight angle and whinned (oocillated dbackward and
forward to pormit even 3olidification of metal) the amcunt of urdoreutting
would have been less.
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2. GChemical Analyses

Results of chemical analyses of samples machined from weld deposits

are given in Table IV.

Two types of ferritic electrodes evidently were used. Ferritid
deposits of joint samples, Nes. 1, 2, and 4, appear to have been mads with
a low alloy or plain carbon electrode, possibly with a small manganese ad~
dition, The remaining alloy content of these weld deposits appears to be
due to pickup from the btase metals., The lower mangenese in weld deposit
of Sample 4 corresponds with a lower manganese content of the base metals
of this Joint.

An austenitic electrode was used for the body of weld deposit A,
Sample 2, and for the crown and body of weld deposit A, Sample 4 (Figures 2
and 15). The ferritic crown of the former deposit may have been made with
the same type of electrode as was used fer the inner deposit of this joint,
the higher nickel and chromium being 4ue to pickup from the underlying
austenitic weld metal.

The weld metal analyses of the two deposits of joint Semple 3
indicate that a substantial molybdenum addition was introduced elther in

3. Hardness Surveys

Results of Vickers-Brinell hardness surveys of weld deposits and
weld heat-affected zones of base metals are summarized in Table V.

In general, bcth austenitic and ferritic weld metal hardnesses
are low (185 to 250 standard Brinell®) with areas of higher hardness (250 -
324 Brinell) for some of the weld metal passes which are in contact with
the base metals and have picked up higher carborn and alloy contents.

The ferritic crown deposit A, joint Sample 2, which has picked
up & high nickel and chromjum content from the underlying austenitic weld
metal is of higher hardness (370 - 396 Brinell) than any of the other weld
motal. The low carbon content of this deposit and the fact that it does
not cover the whole of the crown, make it appoar unlikely that this was
an oxpodient intended to give a hard surface to the weld joint.

Maxinum hardneeses of the base metals, a function of severity
of weld-quonching cycle and carton and alley contunts of the plate, range
from 466 - 307 etandard Brinell. A band near the outside of the weld heat-

affectcd zone has been tcmpored by the wolding heat to a much lower hardness.

4, Macrcexamination

Macroetched soctlons through the weld deposits of joint Sample 1
(Figure 1) ore ehown in Figure 14, and macroetched sections cf weld de-
posits of joint Semples 2, 3, and 4, are shown in Figure 15.

¢ Ses ncto, Tadle V "
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The four weld deposits of Sample 1 appear to have been made with
three to six passes of a ferritic electrode. Penetration and fusion are
poor and there are several large gas holes in the weld metal. The rolled
plates were welded as flame cut, but the dovetailing recesses in the bow
casting show marks of a rough machining tool and evidently were prepared
in a shaper. Mild steel strips have been ingerted at the end of the lower
front plate and have fused at one end into the outer weld deposit.

. The inner deposit of Sample 2 was made with four passes of a fer-
ritic electrode. The root of the outer deposit was made with a ferritic
bead, the body with seversl passes of an austenitic electrode, and & por-
tion of the crown with a ferritic electrode. Penetration and fusion at the
root of the joint are poor. No particular purpose can be seen in the use
of austenitic weld metal in this deposit.

The two weld deposits of Samprle 3 appoar to have been made with
two passes each of a slightly different type of ferritic electrode from that
used for the other three joints (see discussion of chemical analyses). The
deposits have many large gas holes. Penotration at the root of joint ie
poor. Surfaces of the dovetailing recess in the turret sidewall cesting
show grinding marks.

Joint Sample 4 appears to have been made with a root deposit of
three passes with a ferritic electrode followcd by a body and crown deposit
of five or six passes with an austenitic electrode. Fusion of the ferritic
reot is very poor and there is sericus undercutting at the plate junction
with the austenitic crown. The dovetailing recess in the turret sidewall
casting was made by flame gouging as evidenced by surface appearance and
presence of a heat-affected zone at this surface of macroetched section.
Fitup of this joint ie very poor.

Shallow but distirnct heat-affected zone areas indicate that all
wvelding was done without the uso of preheat on armor in the final heat-
treated ccendition.

5. licrcexamination

Fhotomicrogrunhs of structures in the weld depocits and fusicn zone
arcas of the four samples are shown in Figure 16. Microstructure cf t-a
plain C-¥n forritic electrode used in weld Samples 1, 3, and 4, is typically
low carben pearlite with excess forrite in a derdritic pattorn (upper lnft
photemicregraph, Figure 16). 'Wold metal beads in contact with base metal
have a highor propcrtion ¢f carbidos because of pickup of carboen from Lhe
armer. The emall crack growing out of an area cf incomplete penotraticn
and the linoar segregat.on of small inclusicns in the weld metal are ox-
acples of defects found in these dopcsits (upper right and upper center loft
protomicrographs). Bace motal structure adjacent to tho fusion zones ic the
usual coarse-grainod martensito.

Yicrostructure of ferritis rcot dbead in cuter deposit, Sample 2,

(uppor center left photomicrograpn) coneists of high transforzmaticn tempera-
ture carhides and oxcess forrite with original derdritic pattern dreoken up

-11 -
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by reheating by austenitic weld deposits. Ferritic beads at crown of outer
weld deposit, because of higher alloy content picked up from underlying
austenitic deposit, consists largely of low transformstion temperature
cerbides in a ferritic background. This structure accounts for the higher
hardness noted for this weld metal. A small weld metal crack was olserved
at fusion 1ir - of austenitic and ferritic crown bead weld metals (lower
left center photomicrograph).

The microstructure of the root beads of the two weld deposits of
Sample 3 (right lower center photomicrograph) consists of high transforma-
tion temperature carbides and excess ferrite. The original dendritic
segregation has been largely broken up and carbides have been partially
spheroidized by heat of subsequent welding passes. A much higher propor—
tion of carbides is prcsent, because of carbon pickup from plate, than in
crown beads of same deposits. Tuc microstructure of the latter (lower left
photomicrograph) is low carbon pearlite with typical dendritic sogregation
of free ferrite.

A photomicrograph of junétion of ferritic and austenitic weld
metale of joint Sample 4 shows the former to ccnsist of high transformation
temperature carbides an? ferrite with excess ferrite network at beundaries
of grain system produced by heat of subsequent austenitic weld deposit., Two
small fusion zone cracks extended from notches due to incomplete fusion of
ferritic root bead and armor, A base metal crack in turret roof plate under
ferritic weld deposii was assoclated with nonmetallic stringers in this
rolled plate.

6. General Congiderations (Welding and Joint Desipn)

The joint design is cheracterized by dovetailing which serves io
locatc the welds in positions pretected frem direct ballistic attack,
eliminates any danger of bullet splash, and in most cases, reducee the amount
of welding necessary to form the joint. The fitup ie fairly rough. Little
beveling was done. Complete penetration was not achieved in any of the
Jointe., TFusicn at the root of welds was very pecer and severasl fusion zone
crucks wore observed to originate at notches due to lack of fusion.

All welding apvears to have been done either in the flat cr hori-
zontal fillet position. Joints made in the latter pcsition ehcw severg
undercutting protadbly due teo improper manipulation of electrode.

Two types of ferritic electrodes evidently were used; ocne C-Mp, and
the other of similar analysis with a mclybdenum adiiticen. The latter gave a
very vorous weld deposit. Base metal cravaing of the undcrtead type was
negligidle and since all weld depncsitc appear to have been made ¢n armer in
the final heat-treated condition without the uee of precheat, it is probabdle
that a ferritic olectrode with a suitatle all-mineral type coating was used.
Austenitic olectrodes wero used, apparently indiscrininately, in two Jjoints.

Tha resistance of the four weld joints to severe shock would aet
be expected to te good bucuuse of shallow ponstration, poor fuaion, under-
cutting, and lowv streangth of ferritic weld metal. These obvious defects
are offset by a design which may minimize exposure of weld jointo “n dbal-
listic attack.

- 12 -



\ TABLE I

Cherical Analyses of Russian Armor

Armor Section C M Si S P Ni Cr Mo Cu A

|
i Saiple 1 (Medium
i Tank T-34)

Top sloping
front plate .23 1.20 1.10 .026 .021 1.26 1.05 .215 .09 .02%

4
}
E Bow casting .29 1.55 2.29 .02l .029 1.52 1..05 .25 .12 .015
p

Yoo Lower sloping
[ front plate .28 1.27 1.k .018 .23 1.32 1.03 .22 .09 .02
e

2 Sample 2 (Medium

o= v Tank _T-34)

Top sloping
front plate .26 1.20 1.09 .c2f .02% 1.24 .90 .21 .09 .015

. Eull roef plate .25 1.27 1l.14 .cke .018- .14 .10 .195 .11 .02

E Sample 3 (Medium
g ‘ Tank T-34)

e

Top plate .36 1,33 1.9 .c22 .017 .18 .05 .20 .12 .025

p Cact turret
sidewall .26 1,20 1.37 .¢10 .01&8 1.26 .85 .195 .04 .015

Seaple 4 (Meavy
Tank KV-1)

Tep plate 320 81 L3206 .01 L16 2.3 .25 .11 .015

fé: Cast turret
A sidewall .30 W4 L ol 016 2.91 1.47 .27 .10 .D2
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TABLE 11
‘ ’ End-Quench Hardenability Dets
Bow Casting Top Sloping Front Top Plate Turret Side-
from Nedlum Plate from Sample from Heavy wall from
4 Tank T-34 1 (Med.Tank T-34) Tank KV-1 Heavy TenkKV1
3
Actual Thickness of
| Section - Inches 5 1-7/8 1-1/4 3-5/8
| i
} Hardness 1/16" from
b Quenched Ead. Re 51.5 46.5 52 50.5
;
, l Ne. of 1/16th of an
k inch for a Drop
:
b of 5 BRe ¥inimum 20 20 Minimum
E ' X hardness Minimum hardness hardness
; of 10 Re is N R 39 is
; ug.5 8 37 Re 6.5
| to 43 Re Re 16 32 Re
| Yardness at 2-1/2"
l from Quenched End. Ec 48,5 37 4 6.5
{
E ' Thickness of Plate
Quenchatle to Y43 Re Greater Greater
4 ir the Center - Inches  than 1.9 3.5 than
o (0il quench) 5 yn
|
T




- = TABLE III

Physical Properties of Russian Armor

. Tensile
Direction of Yield Strength Strength ZElonga~ Red. of 3Brinell
Tensile Sprecimen 0.1% Cffset psi. psi. tion ¥ Area $ Hardness

SAMPLE 1 (Medium Tank T-3l4)
Top Sloping Front Plate (1-7/8" Rolled Homogeneous)

AR TG N7 IR

Longitudinel 1 172,000 219,000 10.0 k.9 430
; " 2 171,000 217,000 12.1 9.0
! ! a 171,000 221,000 10.7 hs.i
! | i 167,000 214,000  12.1 L9.
] l Lengitudinal Averege 170,250 217,750 11.2 47.2
Transverse 1 149,000 202,000 10.0 37.6
. 2 160,000 215,500  g.6 33.1
i " 3 167,000 217,500 1.9 34.0
E : Transverse Average 158,700 211,700 8.8 34.9
2
E Lower Sleping Front Plate (1-7/8" Rolled Homogeneous)
} Longitudinal 1 176,CC0 228,0C0  11.b4 u9. 4 Lyl
| " 2 1€5, 000 230,00 12.1 L7.0
R " 3 182,£00 231,000 1i.% 49.0
| " § 177,000 230,000 12.1 43.0
Longitudinal Average 18C,000 229,750 11.8 4g. 4
Transverse 1 S 230,000 9.3 37.6
g 2 184, 0C0 231,000 9.3 36.5
" a 210,00 211,000 10.0 8.0
" 177.C00C 27,5¢CC G.3 39.8
Sransvorsc Average 1G¢, 3CC 229,93C0 9.5 38.5
SAPLE 2 (Hedium Tank I-34)
P e e R 2 TR T e S T
Top Sloping Front Plate (1-7/8" Rolled Himcgensous
longitudinal 1 176,¢c0 220,500 10.7 5.6k Bk - Y6
) 2 179,00C 2ck,000  12.1 L7.0
" by 1£1,0C¢ 201,500 10.7 LL.5
" h 177,¢00 221,000 1% 47.0
Zengitudinal Average 175,250 221,750 11.2 .5
Transverse 1 18%,000 22,00 2.¢ 12.6
- Z 177,00C 221, 7.9 33.2
" 3 175,60 217,59C 9.3 3.2
" & 181,060 270,060 7.1 3L.¢
Transverse Averago 122,0CC 220,1C€0 §.2 32.9




e o o

TABLE III (Cont.)

Tensile
Direction of Yield Strength Strength Elonga—~ Red. of Brinell
Tensile Specimen 0.1% Offset psi. pel. ticn $  Area $ Hardness
SAMPLE 2 (Medium Tank T-34%)
Eull Roof Plate (3/4" Rolled Homogeneous)
Transverse 1 167,000 215,000 7.1 0.8 429
y 2 166,000 210,000 8.6 32,6
Transverse Average 166,500 212,500 7.9 31.7
SAMPLE 3 (Medium Tank T-34)
Top Plate (5/8" Rolled Homcgenesus)
Longitudinal 1 219,000 270,000 10.0 38.9 Lg5
5 2 215,000 262,000 9.3 39.8
Longitudinal Averege 217,000 266,000 9.7 39.4
Transverse 1 211,000 275,000 7.1 27.0
» 2 204,000 267,000 7.1 26.0
" 3 205,006 257,000 7.1 26.5
Transverse Averare 207,700 209, 700 7.1 26.5
Turret Sidewall (2-3/8" Cast Homoreneous)
1 160, €00 218,00  L.3 11.9  Lbb - Ugs
2 161,GC0 223,000 5.0 11.9
3 159,060 216,000 6.4 16.6
Averare 160,000 219,0c0 5.2 13.5
SAMFLE L (Heavy Tank KV-1)
Top Plate (1-1/4" Rolled Hemogeneous)
Longituiinal 1 133,0CC 153,000 1R.7 55. 6 32
" 2 136,00C 155,00¢ 4.3 £8.1
" E 136,0CC 155,000 15,0 58.1
" ' 130,00C  152,50C  15.C 56.5
longitudinal Average 133,750 153,75C  1%.0 58.6
Transverss 1 112,000 154,6C0  1%.3 49.8
t 2 136,5¢C 153,00C  1%.3 L7.4
! 3 12%,¢¢CC isy,00C  12.9 Le. e
" s 138,000 156,50¢ 14,3 Lg.4
Irunsverso Average  133,75C 1682,6C0  14.0 ug.8
| s AL e R e ey
Turret Sidewsll (3-5/8" Cast Homcgenocus)
1 12¢,0CC 1%,0¢0 8.6 17.6 285 - 293
2 12G,0C0 151,5¢C  12.1 26.2
a 120,000 140,5¢0 12.1 5.5
119,6C0 141,500 10.7 23.6
Aveorage 119.750 140,900 10.9 23.2
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_ TABLE IV
1 |
| 1
i Chemical Analysees of Weld ifetal Deposits
i Weld
o Deposit € ¥ S8 M o K ¥
i MEDIUM TANK T-3k4
t Sample No. 1
, (Figure No. 1) 3 .07 .97 .75 24 .20 .05 N1
’ ' c .10 1.03 .91 .49 I TSN
~ D .08 .93 .63 .16 .17 .03 J
|
! r Sample No. 2
N _ (Figure ¥o. 2) &
E ’ Ferritic Crewn .10 .98 .63 2.97 L.82 .06 N1
! ' Austenitic Body .11 .82 .48 £.0f 10.02 .08 "
; : B .10 .81 .8C .37 16 0 "
o
i Samnle 0. 3
r {Figure Yo. 2) i .08 .89 .72 .18 .19 27 M)

Sacvle No. U4
(Figure Yo. 2) A

Root Pacsos .1F 51 . .55 B 0y N

Crown Passes .19 57 W1 12.12 0 19.97 .10 .
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